SCORE - Version Listing for Application 10773387 Page 1 of 1 



SCORE - Version Listing for Application 

10773387 



Score Home Retrieve Application SCORE System SCORE Comments / 

Page List Overview FAQ Suggestions 

This page displays a list of all versions submitted by applicant for this application. Each new 
submission is given a "version" number by date received. 

Go Back to orevious oaoe 



Summary of Information 

Version Number Version Date Current Worlcing Copy 

Fri Sep 29 07:09:45 EDT 

2006 ^ 

Fri Sep 29 07:09:45 EDT 

2006 ^ 

Fri Sep 29 07:09:45 EDT ^ 

2006 ^ 



SCORE 1.3 BuildPate: 12/06/2005 



http://es/ScoreAccessWeb/versionHistory.action?docId=10773387&ItemType=4 



9/29/06 



SCORE Search Results for Application 10773387 



Page 1 of 1 



SCORE Search Results for Application 10773387 

Score Home Retrieve Application SCORE System SCORE Comments / 

Pag e . List Overview FAQ Suggestions 

This page gives you a list of all the Search Results. Use this page to obtain specific Search Result 
information. 

View version list for this application 

Go Back to previous page 



Item Listing 
Item Name 

us-10-773-387-4.roe 

uS'10-773-387-4.rni 

us-10-773"387'4.rnpbm 

us-10-773-387-4.rst 

us-10-773-387-5.p2n,rge 

us-10-773-387-5,p2n.rng 

us-10-773-387-5.p2n,rni 

us-10-773-387- 
5.p2n.rnpbm 

us-10-773-387- 
5.p2n.rnpbn 

us-10-773-387-5.D2n,rst 



Version# 1 

Download Content 



Dowhiqad 



Download 



Download 



Download 



Download 



Download 



Download 



Download 



I SCORE 1.3 BuildPate; 12/06/2005 ~ 

http://es/ScoreAccessWeb/GetItenis.action?AppId=10773387&ItemType==4&^ 



9/29/06 



SCORE Search Results for Application 10773387 



Page 1 of 1 



SCORE Search Results for Application 10773387 



Score Home Retrieve Application SCORE System 
Page List Overview 



SCORE Comments / 
FAQ Suggestions 



This page gives you a list of all the Search Results. Use this page to obtain specific Search Result 
information. 



View version list for this application 



Go Back to previous page 



Item Listing Version# 2 
Item Name Download Content 



us-10-773-387-4.rnQ 

us-10-773-387-4.rnpbn 

us-10-773-387>5.rag 

us-10'773-387-5.rai 

us-10-773-387-5.rapbm 

us-10-773-387-5,rapbn 

us-10-773-387-5.rpr 

us-10-773-387-5.rup 



SCORE 1.3 BuildPate: 12/06/2005 



http://es/ScoreAccessWeb/Getttems.action?AppId=10773387&ItemType=4&VereionNo=2 9/29/06 



SCORE Search Results for Application 10773387 



Page 1 of 1 



SCORE Search Results for Application 10773387 

Score Home Retrieve Application SCORE System SCORE Comments / 

Pag e List Overview FAQ Suggestions 

Tliis page gives you a list of all the Search Results. Use this page to obtain specific Search Result 
information. 

View version list for this application 

Go Back to previous page 



Item Listing Version# 3 



Item Name 

us-lQ~773 - 387-4.n2 p.raa 

us-10-773'387-4.n2p.rai 

us-10-773-387- 
4.n2p .ra pbm 

us-10-773-387- 
4.n 2p.rapbn 

us-10-773-387-4.n2p.r pr 
us-10-773-387-4.n2p.rup 



Download Content 



V pownlpad 



Download 



vpQvyhlpad' 



iDownload 



Download 



Download 



SCORE 1.3 BulldPate: 12/06/2005 



http://es/ScoreAccessWeb/GetItenis.action?AppId=10773387&IteniType=4&VersionNo=3 ' 9/29/06 



EAST Search History 



Ref 

# 


Hits 


Search Query 


DBS 


Default 
Operator 


Plurals 


Timp Ctamn 

1 II 1 IC «JiCII 1 


LI 


6 


estell.in. and bacillus and ((cysteine or 
cystine) adj (protease or proteinase)) 


US-PGPUB; 
USPAT; 
EPO" JPO- 
DERWEI^ 


OR 


OFF 


2006/09/29 07:31 


12 


2358 


bacillus and ((cysteine or cystine) adj 
(protease or proteinase)) 


US-PGPUB; 
USPAT; 
EPO- JPO- 
DERWEiyiT 


OR 


OFF 


2006/09/29 07:27 


L3 


2336 


12 and (inactivat$ or attenuat$ or 
(Icnocic adj out) or l(noct(-out or delet$ 
or mutatt) 


US-PGPUB; 
USPAT; 
EPO- JPO- 
DERWEIVIT 


OR 


OFF 


2006/09/29 07:30 


L4 


2323 


12 and (inactivat$ or attenuat$ or 
(knock adj out) or knock-out or 
delet$) 


US-PGPUB; 
USPAT; 
EPO- JPO- 
DERWEIfT 


OR 


OFF 


2006/09/29 07:28 


L5 


2057 


14 and subtilis 


US-PGPUB; 
USPAT; 
EPO- JPO- 
DERWEIMT 


OR 


OFF 


2006/09/29 07:28 


L6 


5 


15 and cp3 


US-PGPUB; 
USPAT; 
EPO- JPO- 
DERWEiyiT 


OR 


OFF 


2006/09/29 07:46 


L7 


4 


(cysteine adj endopeptidase) same 
(inactivat$ or attenuat$ or (knock adj 
out^ or knock-out or delete or mutate ^ 


US-PGPUB; 
USPAT; 
EPO- JPO- 
DERWEI^ 


OR 


OFF 


2006/09/29 07:30 


L8 


491 


((cysteine or cystine) adj (protease or 
proteinase)) same (inactivat$ or 
attenuate or f knock adi out^ or 
knock-out or delet$ or mutat$) 


US-PGPUB; 
USPAT; 
EPO- JPO- 
DERWEI^ 


OR 


OFF 


2006/09/29 07:31 


L9 


133 


18 and (bacillus adj subtilis) 


US-PGPUB; 
USPAT; 

EPO- IPO- 

DERWEiyrr 


OR 


OFF 


2006/09/29 07:31 


LIO 


290 


(mannose-6-phosphate adj isomerase) 
OR (phosphomannose adj isomerase) 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWEI^ 


OR 


OFF 


2006/09/29 07:43 


Lll 


38 


110 same subtilis 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWEI^ 


OR 


OFF 


2006/09/29 07:43 



9/29/06 7:46:40 AM 

C:\Documents and Settings\DSteadman\My Documents\EAST\Workspaces\10773387_20060918.wsp 



Page 1 



EAST Search History 



L12 


0 


111 and muri 


US-PGPUB; 
USPAT; 
EPO- JPO" 
DERWEWT 


OR 


OFF 


2006/09/29 07:43 


L13 


4 


111 and pmi 


US-PGPUB; 
USPAT; 
EPO" JPO' 

DERWEiyrr 


OR 


OFF 


2006/09/29 07:43 


L14 


6 


pml same subtllis 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


2006/09/29 07:44 


LIS 


11 


15 and cp2 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


2006/09/29 07:46 



9/29/06 7:46:40 AM 

C:\Documents and Settings\DSteadman\My Documents\EAST\Workspaces\10773387.20060918.wsp 



Page 2 



Search Results for 10/773,3 87 



(FILE 'HOME' ENTERED AT 07:35:22 ON 29 SEP 2006) 

FILE 'REGISTRY' ENTERED AT 07:37:27 ON 29 SEP 2006 

E "CYSTEINE PROTEASE "/CN 25 
LI 1 S E3 

E "CYSTEINE ENDOPEPTIDASE" /CN 25 
L2 1 S E3 

E "PHOSPHOMANNOSE ISOMERASE"/CN 25 
L3 1 S E3 

FILE 'MEDLINE, AGRICOLA, CAPLUS, BIOSIS, EMBASE, WPIDS ' ENTERED AT 
07:38:53 ON 29 SEP 2006 
L4 14289. S LI OR L2 OR L3 

L5 24 S L4 AND (BACILLUS (W) SUBTILIS) 

L6 19 DUP REM L5 (5 DUPLICATES REMOVED) 

FILE 'CAPLUS' ENTERED AT 07:40:39 ON 29 SEP 2006 
E ESTELL D/AU 25 

L7 4 S (E4 OR E5 OR E6 OR E7 OR E8 OR E9) AND (LI OR L2 OR L3) 



=> 



INTERNATIONAL blMnun ncrwn . _ 

^ 1% 



CT/US 98/14529 



A. CLASSIRCATIONOPSUBJEeTMATrEn. 

IPC 6 C12N15/57 C12M1/20 C12N1/21 C11D3/386 

. //C12N9/56.C12N9/90,(C12N1/20,C12R1:O7) 

Aooorefing to IntBmaHona} PeiBtrt Claaaifioation (IPC) or to both nationa) oloasifioation and IPC 



B. RELDS S£ARCHED 



Minimum doeumantotion aeorofted (dassifioation syaism foitovved by otasaification symbob) 

IPC 6 C12N Clio 



Ooeumttntalion tearehad other than minimum dooumentation to the extant that such dooumenta am induded in the fielda teardied 



£teetronio data base oonaulted during the internationa! aeaieh (name of data baae and, where praottoal, seaioh terma used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citatbn of dooument, with incfieation, when appropriate, of the relevant pauages 



Relevant to claim No. 



wo 89 10976 A (PUBLIC HEALTH RESEARCH INST 
OF) 16 November 1989 
see the whole document 

MARGOT P ET AL: "The gene of the 
N-acetylglucosaminidase, a Bacillus 
subtil is 168 cell wall hydrolase not 
involved in vegetative cell autolysis." 
MOLECULAR MICROBIOLOGY, (1994 HAY) 12 (4) 
535-45. JOURNAL CODE: MOM. ISSN: 
095Q-382X. , XP0O2O84429 
ENGUND: United Kingdom 
see figure 3 

-& EM6L/GENBANK DATABASES Accession no 
P39841, Sequence reference MANU BASCU. 
01-February 1995 
"Mannose-6-phosphate isomerase" 
XP002084431 



-/- 



1,13 



11 



m 



Further doeuments am liitad in the continuation of box C. 



[)( [ Patent family mendiera are Hated in 



* Speoiat eategoriet of eited dooumenta : 

*A' document defining the general state of the art which is not 
considered to be of particular relevonoe 

'E' earfier document but published on or after the intemstbnal 
fSing date 

V document wtiieh may throw doubts on priority olaim(s) or 
which is cited Id establish the putriioation date of another 
citBtbnorolherspecial reason (as specified) 

*0' doeument referring to on oral dnefosum, use, exMbWon or 
other r 



T* later document published after the intemotionai filing date 
orpriority date and notinoortfiiot with the apptictttion but 
cited tB understand the p fin c i pte or theory underlying the 



'P* dooument published prior to the international filing date but 
later than the priority date elalmed 



*}r document of partioutarrelevanoe; the claimed invention 
eannot be eonaidered novel or cannot be eonsidered to 
involve an inventive step when the document is token alone 

*Y* document of parttcuiar rslevanoe ; the claimed invention 
cannot be considered to involve on inventive step when the 
document is comlitned with one or more other such docu* 
msnts, such combination being obvious to a person sMRed 
in the art. 

'A* doeument member of the aame patent family 



Date of the actual compMion of the international aearoh 

16 November 1998 


Date d mailing of the Intemotlonol search report 

010199 


Name and mailing address of the ISA 

European Patam Office, P.B. 5818 Potentlaan 2 

NL-2280HVRijswi|c 

TeL (♦31-70) 340-2040, Tx. 31 651 epo n(, 

Fee (431-70) 340-3016 


Authorized offioer 

VAN DER SCHAAL C.A. 



page 1 of 2 



INTEflfilATiONAL bbAKun 



ktionai Af»p«tc«>iiwii ».w 

CT/US 98/14529 



C^Contlmiatlon) DOCUMENTS CONSU>EREO TO BE RELEVANT 



Cotegoty * Citatian of dooumont, with indioatton,«vhere appnapriote, ef the mbvant passages 



RelavanttoslaimNo. 



p.x 



SADAIE Y ET AL: "Nucleotide sequence and 
analysis of the phoB-rrnE-groESL region of 
the Bacillus subtilis chromosome" 
HICR0BIOL06Y, 

vol. 143. June 1997. pages 1861-1866, 

XPO0208443O 

see table 1 

-& EMBL/GENBANK DATABASES Accession no 
D88802. Sequence reference BSD802, 

22 April 1995 
"ydhs" 
XP002G84432 

EP 0 369 817 A (6I0TEKNIKA INTERNATIONAL) 

23 Hay 1990 

see the whole document 

KUNST F ET AL: "The complete genome 
sequence of the Gram-positive bacterium 
Bacillus subtilis" 
NATURE, 

vol. 390, 20 November 1997. pages 249-256, 

XP092080813 

see tables 1. II. 1.1 



11 



15-17 



11 



Pom PCT/13A/210 (eontinualiaii of •wond •heag (July 1992) 



page 2 of 2 



Mierobiology (1994), 140, 471-478 



Printed In Great Britain 



The gerfi region of the Bacillus subtilis 168 
chromosome encodes a homologue of the gerA 
spore germination operon 

Bernard M. Corfe,^'^ Rachel L Sammons,^ Derek A. Smith^ 
and Catherine Mau6l^ 



Author for correspondence: Bernard M. Corfe (Krcbs Institute). Tel: +44 742 824418. Fax: -1-44 742 7286967. 
e-mail: b.m.coife@shefiield.ac.uk 



< School of Biological 
Sciences, University of 
Birmingham, PO Box 363, 
Birmingham 815 2TT, UK 

2 Krebs Institute, University 
of Sheffield, Sheffield 
S10 2TN, UK 

3 Blomaterials Unit. School 
of Dentistry, St Chad's 
Queensway, Birmingham 
B4 6NN, UK 

4 Institut de G^n^tique et de 
Biologie Miaobiennes, 
University de Lausanne, 
Lausanne 1005, 
Switzerland 



Spores of gerB spore germination mutants of Bacillus subtilis 168 are defective 
in response to the germinative mixture of L-asparagine, glucose, fructose and 
potassium ions (AGFK), but are normal in the L-alanine (ALA) triggered 
germination response. A X clone of 15 Icbp carrying the gerB region has been 
identified. Sequencing of the gerB region of the clone revealed a cluster of 
three ORFs encoding putative proteins of 53*3, 41*3 and 42*4 IcDa (GerBA, GerBB 
and GerBC respectively). The first two of these proteins have substantial 
hydrophobic regions and the third is a possible lipoprotein. At least two, and 
probably all three products are required for normal germination in AGFK. The 
three proteins form a set of homologues of the products of the gerA operon, 
mutations in which cause a defect in the ALA germination pathway, but cause 
no defect in AGFK. The GerB proteins show 42%, 31 % and 35% Identity at the 
amino-acid level to the corresponding GerA proteins, and the homologues 
occur in the same order in both operons. 



Keywords: Baaiius subtilis, sporuladon, getnunation, ^erB, membrane protein 



INTRODUCTION 

Spores of Bacillus subtilis 168 have two known germination 
reponscs, which have been wcU-char acterized : they ger- 
minate in response to alanine alone (ALA) or to the. 
mixture of asparagine, glucose, fructose and potassium 
ions (AGFK). Spore germination {ger) mutants have been 
isolated which are defective in either or both of these 
responses (Moir & Smith, 1990), which suggests that 
there are separate germinant-specific triggers, with a later 
convergence of the germination pathways. 

Of all the^fr mutants the only ones with a specific defect 
in ALA germination result from mutation in the gerA 
operon (Moir & Smith, 1990). This is a tricistronic 
operon which encodes proteins of 53'3, 41*3 and 424 kDa, 
ail of which could be membrane-associated (Feavers etaL^ 
1985; Zuberitf/fl/,, 1987). The^^r-*4 operon is expressed in 
the forcspore compartmcat of the developing sporangium 



Abbreviations: ALA, L-alanIne;A6FK,L-asparaglne; glucose, fructose and 
Ions (germinative mixture). 

The GenBank accession number for the nucleotide sequence reported in 
this paper Is L16960. 



from a promoter recognized by E<t^, and it has been 
suggested that the proteins form a complex at the irmer 
spore membrane which acts as a receptor for alanine 
(Feavers et aL, 1990). 

Mutants of gerB and gerK have defects specifically in the 
AGFK response but retain a normal ALA response (Moir 
et al.j 1979; Iric et aL^ 1982) ^dgerK has been associated 
with the glucose component of the response on account of 
the inability of glucose to improve the ALA response in 
gerK mutants under certain conditions (Irie et aL, 1982). 
This cflFect is not seen in gerB mutant spores (McCann, 
1989). Mutants of gerD appear to be defective in both 
germination pathways to some extent (Moir etaL^ 1979); 
however the product of gerD may be associated with 
the fructose component of the response (Iric et aLy 1986). 
The gerB mutations have been located by phage 
PBSl-mediated three-factor transductional crosses to 314 
degrees on the B. subtilis 168 chromosome. Mutations 
are not known to aflFect any one specific component of the 
AGFK response. 

Molecular genetical analysis of several genes has as yet 
shed little light on the possible mechanism of germination 
(Moir & Smith, 1990). The predicted proteins generally 
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lack characteristic motifs and database searches reveal no 
homology with other proteins. 

Although tag (teichoic acid biosynthesis) and gerB have 
not been mapped relative to one another, available data 
place them near to each other on the chromosome, with 
gerB on the ^r/-proximal side (Piggot eta/., 1990). We have 
identified a AEMBL4 derivative carrying gerB from a 
series of overlapping clones of the tag-gta region. 
Sequence information indicating the possible nature of 
the gene products, reported here, has provided more 
essential information in the attempt to identify the 
mechanism of spore germination. 

METHODS 

Bacterial strains and media. Strains of B. subtilis 168 and 
Escberkbia eoli K\2 used are listed in Table 1. B. subtilis was 
cultured on nutrient agar (NA), and eoli on Luria-Bertani 
agar (LA), wich appropriate selective conditions as described 
by Yon et aL (19B9). Transformadon of B. Mbtilis was by the 
method of Anagnostopoulos & Spi2i2en (1961) and of £. foli 
by the method of Mandel & Higa (1970). Get phcno types were 
scored on plate tests as described by Irie et al, (1982). 

DMA manipulation. Tlasmid and chromosomal DNA prep- 
aradon, restriction, ligadon and gel electrophoresis were carded 
out as described by Sammons it al, (1987). Ail subcloning was 
done using pMTL20EC in DH5a. X DNA preparadon was as 
described by Maniads et al (1982), using E. eoli P2392 as a host. 
Purificadon of restriction fragments from gels was achieved 
using Geneciean (BiolOl). 

DNA sequencing. Restriction fragments of 150-1500 bp were 



Table 1. Bacterial strains 


Strain 


Genotype 


Source 


B. subtilis 






L5047 


pbtA 1 pur A 16 bisA35 trpC2 


D. Karamata 




mitBS 




1604 


trpCl 


Lab. stock 


4688 


ffrB18trpC2 


Lab. stock 


4950 


ffrB90 trpC2 


Lab. stock 


4952 


ffrB92 trpC2 


Lab. stock 


4954 


gerB94 trpC2 


Lab. stock 


5182 


gerhlStrpCl 


Lab. stock 


5301 


gerB 18 pbsA 1 pur A 16 bis ASS 


This study 




trpC2 




5304 


gerB IS pbeA 1 pur A 16 bis ASS 


This study 




trpC2 




E. coH 






DH5a 


F- mdAI bsdK17{t' m*) supE44 


D. Karamata 




tbi-l neAl gyrA96 nlAI 


(Lausanne) 




ii{argF'lacZYA) U169 ^^Od 




lacZAMiS 




P2392 


F- bsJRSU supE44 supFSS lacYI 


D. Karamata 




galK2galT22 mttBI trpRSS 






lysogcnic for P2 





prepared from parent subclones, gel-purified, subdoned into 
pMTL20EC and sequenced. Ml 3 universal, reverse and -t-40 
primers were used wherever possible, supplemented by a small 
number of custom primers. Double-stranded dideoxy se- 
quencing was done using the Sequenase system as recommended 
by the manufacturers (USB). Electrophoresis was carried out 
using 4-8% (w/v) denaturing acrylamide gels in a BRL SO 
apparatus (Gibco). 

RESULTS 

Identification of a gerB clone and sequencing 

Mauel al. (1989) identified doaes carrying the tag region 
in a AEMBL3 bank and Young et al. (1989) subsequently 
extended the cloned region by chromosome-walking 
using AEMBL3 and AEMBL4 banks. As gerB was thought 
to be on the (?r/-pro3dmal side o£tag, the appropriate clone, 
AE51, was screened for the presence of gerB, As Ger*** 
phenotypes cannot be selected directly, gerB pheA deriv- 
atives of L5047 were made for screening purposes. DNA 
from strains carrying either thtgerB15 or the, gerBI 8 allele, 
5182 and 4688, respecdvely, was used to transform 
strain L5047. Selection was for Met"*" and transformants 
were screened to find strains with a Ger" phcnotype. 
Appropriate double mutants, strains 5304 and 5301, were 
transformed with a mixture of 0-5 pg DNA from a A clone 
carrying Phe"*" DNA and 5n'gAE51. One hundred and 
fifty transformants from each cross were screened for dieir 
Ger phenotype using a modification of the tetrazolium 
test (Ixie et aL, 1982) and it was found that in congression 
experiments with the AE51 DNA present both the gerB 
alleles were corrected, with about 50% of the Phe"*" 
transformants having a Ger"** phenotype. Congression 
experiments with AE51-derived plasmid subclones in place 
of AE51 revealed the approximate locadon of two of the 
gerB alleles within the done (Fig. 1). 

The sequence of the ^^rB region was generated by dideoxy 
sequencing of small restriction fragments subcloned in 
plasmid vector pMTL20EC (Chambers et aL, 1988) as 
described in Methods. All restticdon sites were over- 
lapped in the sequence. 

Connputer analysis of the sequence 

The sequence of 3-8 kb was analysed using the UWGCG 
package, version 7.1 (Devereux etaL^ 1984) except where 
otherwise stated. Three large adjacent OBPs were ident- 
ified by direct translation and were confirmed by codon 
usage analysis (data not shown). The sequence and 
putative translations are shown in Fig. 2. ORFs 1, 2 and 3 
have been r^m^di gerBA, gerBB zadgerBC^ respectively. 
There are three possible initiation (start) codons for gerBB, 
a GTG and ATG which overlap the ^erBA termination 
(stop) codon, and an ATG which is 5 bp downstream. 
The last has a possible Shine-Dalgarno sequence, al- 
though it is weak and close to the ATG. There is an 
overlap between the probable stop and start codons of 
gerBB and gerBC, All the ORFs have potential ribosome- 
binding sites with homology to the 3' end of the B. subtilis 
16S RNA molecule (Stewart & Bott, 1983) appropriately 
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I— I ,1 1 

I- 1 I 1 

- - - + gerBIS 

- - + - gerBia 

I— I Ikbp 



Fig. t. Marker correction with AE51. Restriction map of the 
insert in AE51 and four plasmid subclones derived from it The 
five clones were used in congression experiments (see text) to 
localize the position of the gerBIS and gerBIS alleles In the 
insert B, flamHI; E, fcoRI; S, 5ph\; +, correction to Ger*; no 
correction of Ger phenotype. 



located in front of their start codons (see Fig. 2). This 
arrangement suggests that the^^rJB mutations may identify 
an opcron. There is no obvious terminator after ^^r JSC, 
but no start of anodier OKF. 

The predicted molecular masses of GerBA, GerBB and 
GerBC are 53-971. 41709 and 42468 kDa, respectively. 
Database searches using the UWGCG Fasta program 
revealed extensive homology between the polypeptides 
encoded by £erB and those encoded by the^^r^ operon as 
shown in UWGCG Gap comparisons (Fig. 3a-c). The 
homology exists across the foil length of the genes' 
products and all the pairs of proteins are of similar size. 
GerBA and Ger A A are 42% identical at the amino acid 
level, and show 66% similarity, talcing conservative 
substitutions into account, of the primary sequence. 
Hydroplots (Kytc &c Doolittle, 1982) show a central 
hydrophobic domain sandwiched between a large hydro- 
philic domain at the N-terminus and a smaller one at the 
C-tetminus of GerBA (Fig, 4a). The polypeptides are 
well-conserved at the functional levej, but the hydro- 
phobic domain shows the greatest level of identity. This is 
unusual, as hydrophobic regions arc generally conserved 
for functionsility rather than identity (e.g. Hiles et aL, 
1987;Higgins^/tf/., 1990). 

A further possible member of the GcrAA/GcrBA group 
is the spoVAF gene product. This ORF was partially 
sequenced by Fort 6c Errington (1985) as the sixth 
predicted member of xhtspcVA operon and the predicted 
N-terminal sequence had homology to Ger AA. When the 
sequence of the downstream gene, IjsA^ was published, 
the upstream sequence included the second half of 
SpoVAF (Yamamoto etai, 1991 ; Sorokin et aL, 1993) so 
diat the complete sequence is now available. UWGCG 
Gap comparisons of GerAA and GerBA with the 
predicted SpoVAF polypeptide showed a lower degree of 
conservation than exists between GerAA and GerBA 
(data not shown), although the polypeptide is still 
significandy homologous, with around 25% identical 
tcsidues and over 50% similarity talcing conservative 
substitutions into account. SpoVAF is also of a similar 
size (462 amino acid residues) to GerAA and GerBA. 



However, inseruonal inactivation of spoVAF has no 
known effect upon spore germination (£. H. Kemp, 
personal communication). There are no further ORFs 
downstream of spoVAF in the putative operon. 

The hydroplot of GerBB (Fig. 4b) shows that it is 
predominantly hydrophobic with no large hydrophilic 
regions. There is homology across the whole length of 
the GerAB/GerBB polypeptides but, as is common for 
hydrophobic proteins, this is at the functional (60% 
conservative substitutions) rather than identical (30% 
identity) level. 

The hydrophobic domains of both GerBA and GerBB are 
similar in size to their GerA homologues, but their 
hydroplots are not as clearly defined as for GerAA and 
GerAB, making estimation of the number of membrane- 
spanning helices difficult on the basis of these data. 
However the close similarity with the^^r^ products, and 
the clarity of the hydroplots of the latter, could suggest 
that GerBA and GerBB have seven and 10 or 11 
transmembrane regions, respectively. If this is correct 
then the hydrophilic domains of GerBA would be on 
opposite sides of the membrane. 

GerBC is predominandy hydrophilic, but has a small 
hydrophobic region at the N-terminus which has hom- 
ology to the signal sequence for exported prokaryotic 
lipoproteins (Yamaguchi et aL^ 1 988). GerBC shows 35 % 
identity with its homologue, and 58% conservative 
substitution. 

Upstream of the p^rBA translational start is a potential 
binding site for a , the sigma factor which directs gene 
expression in the forespore after engulfment by the 
mother cell (Fajardo-Cavazos et ai., 1991). This may 
indicate a further degree of homology between the two 
gene clusters, as the £erA operon is a known member of 
the (7^ rcgulon (Feavcrs etaLy 1990). Between bases 10 and 
20 of this sequence is the —35 region for ORFX, a 
putative gene in the opposite orientation to gerB in the 
upstream sequence (Margot, 1992). ORFX lies adjacent to 
fytD (glucosaminidase) which in turn is adjacent to the 
As[gy4BC opcron (Margot, 1992). 

Localization of the gerB alleles 

Strains carrying gerB alleles were transformed with 
integrative plasmids carrying regions of the putative gerB 
operon. Three subclones were used: A carried most of 
ffrBA^ and the upstream region; B carried an overlap 
between gerB A and gerBB; and C carried an overlap 
between ^^rBB and ^^rBC The results of the integrations 
are shown in Fig. 5. The integration of subclone C into 
wild-type gives a TZM^ (Ger") phcnotype. This indicates 
that the ^^r^C product must be required for germination. 
This result for subclone C Is an argument for operon 
structure. There is a complete copy of the ^*rBC ORF on 
the chromosome after the integration event, but a Ger" 
phenotype is obtained. Therefore the ORF must be 
separated from its promoter by at least the 250 bp which 
are present between the start of the subclone and the start 
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HinOlZl , . .-35 . . -10 . 

1 AAfiCTrPTQTTTCAGCCTTTTCCTCeAT^^ 

M Q 

101 AATCGACTCTCATCTCCAGAACAATTTAGACACACTQAAAAAAACATTGGGACi^^ 

IDSDLQNNLDTLKKTLGQNDDMMFYTFAPGDSR 

201 CAAAAGGCGTCTTTACTCTATATTGACGGTCTGACAGAGAATAAAATGCTGGCG^ 

QKACLLYIDGLTBNKMLAQYVISPLQKEALAHKB 

301 AATCCTCX3Aro3AAGACTTATCCGCCTriTnTlCGGCTTO 

CSIEDLSAFFF-GFHHSVVSTMKBIBQLVPSGQA 

401 CATTTTGCTCGCTGATGGCTATCGCGGAGGATTAGCTTTCGACACAAAGTC 

ILLAOGYRGGLAFDTKSVATRSLDEPSSEVVBR 

501 GGCCCTAAAATAGGATTTATTGAAAAGCTGCGGACAAACACGGCGCTTTTCCGTGAACGG^ 

GPKIGFIEKLRTNTALLRBRT SDPNLVIKEMTLG 

601 GAAAAAGGACCAAAAAGAAAATCGCTOTCGCOTATATTCAGGATATCGCCCCAGATTATCTCGTC^ 

KRTKKKIAVAYIQDIAPDYVVKE VPKRLKSVNI 

701 AGATAATTTGCCGGAATCGGGGACGCTTCAACAGCTGATTCAAGACGAAC^ 

DNLPESGTLEQLIBDEPFSIFPTILSTERPDRV 

801 GAAAGTTCTCTATTAGAAGGGCGAGTGTCCATATTAGTGG ATCGTACGCCGTTTGCTTTG ATTGT^^ 

ESS LLEGRVSILVDGTPFALIVPATVDBFIHSPD 
BanSlZ , . . , , , • . 

901 ATGATTACAGCCAGCGCTGGATCCCAATGTCACTTOTACGCCTTCTTCGTTATO 

DYSQRWIPMSLVRLLRYSSILITIYLPGLYI SL 

1001 CGTTTCTTTTCACACCGGGCTATTGCCGACTAGAATGGCCATTTCCATTGC;^^ 

VSFHTGLLPTRMAIS lAGSRLNVPFP PPVEAPI 

1101 ATGATCTTTACGATCGAAT«3ATOMAGAWXXGGATTAA^ 

MIFTIBLIRBAGLRLPKPIQQTIGLI QG VVIGQA 

1201 CAGCTGTTC AGGCGCAAATTGTC AGTGCGCTTATGGTC ATTGTCGTTTCTG^ 

AVQ AQIVSALMVIVVSVTALASFTVPS YAYNFP 

1301 GCTGCGGATCATTCGG ATCGGGGTTATGATAAGTGCAACAGCGCTTGGCATGTACGG^ 

LRIIRIGVMISATALGMYGVIMVYLPVIQHLMR 
Hindlll 

1401 CTGAAAAGCTTGGCCAGGATTACATTATCCGATCATGCGCAGCCTGGACAGGATTT^^ 

LKSLARITLSDHAQPGQDLK DTVIRI PTMFLKRR 

1501 GACCGACACGAAACGATCCCGAAGATAACATCAGACAAAfiQSBATGGCTATGAGGAAA^ 

PTRNDPBDNIRQR* MRKSEHKLTFMQTLIMI 

1601 AGC AGCACATTGATTGGTGCCGGGGTGCTGACCCTTCXX:CGCTCAGCCGCCGAAACC^ 

SSTL IGAGVLTLPRSAAETGSPSGWLMI LLQGVI 

1701 TTTTTATTATCATCGTTCTGCTTTTTTTGCCTT^^ 

F.IIIVLLFLPFLQKNSGKTLFKLNSIVAGKFIG 

1801 CTTTCTATTGAATTTATATATCTGTCTATATTTCATTX^ 

FLLNLYICLYFIGIVCPQARILOEVVGPPLLKN 

1901 ACCCGAATGGCAGTTGTGGTGTTTATATTTCTTGCAGTTGCCATCTATCA 

TRMAVVVFIFIjAVAIYHVGGGVYSIAKVYAYIPP 

• . • . • , . , jflndlll 

2001 CTATAACCCTTATTATTTTTATCATGCTTCTGATGTTCAGCTOTC 

ITLIIFMMLLMFSFRLFQLDFIRPVPBGGYQSF 

2101 TTTCTCTTTATTCCCAAAAACATTAITATATTTCTCCGGATTTQA^ 

PSLFPKTIiLYFSGFBIIFYLVPFMRDPKQVKKA 

2201 GTTQCTCTGOSCATCGCGACTTCXSACATTGTTCTACAGCATTM 

VAI.GIATSTLFYSITLLIVIGCMTVAEAKTVTWP 

23 0 1 CGACC ATTTCCCTTATTCACGCATTAGAGGTTCCGGGTA'nT^ 

TISLIHALBVPGIPIERFDLFLQLTWTAQQPAC 

2401 TATGCTCGGATCCTTTAAAGQCGCCCATATCGQGTTAACGGAAATCTTTCAOC^ 

MliGSFKGAHlOLTEIFHLKNKNNAWLIiTAMIiAA 

2501 ACQTTITICATAACGATGTATCCCAAGGACTTGAATGACGTGTTT^ 

TFFITMYPKDLWDVFYYGT LLGYAFLIVITIPPF 
*•••••• 

2601 TCGTCTGGTTTTTAAGCTGGATACAGAAAAAAATAQQSAfifiGGGCAGCTGCAATOAAAACM ' 
VWPLSWIQKKIGRG QLQ* 

MKTASKFSVMFFMI.l,A | 

2701 CTCTGCGGCTCCTGGGATGTCAAAGATATCGAGCAACTATCCTO 

LCGCWDVKDIBQLSFARGLAIDETWDHQYKLTYQ 
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2801 AAAATCTTCTICCCCAAAGCGAAGACJUSCCAAGCATCCGG^^ 

NLLPQSEDSQASGKPEFVNVTSHOKTILEAVSD 

2901 TCSTATCCATCAAGGACOCTCCTOTTTATAGCGATC ATTTAAAAG^ 

VSIKDPPVYSDHLKVILLGEKLMRMQNVDQVLN 

3001 CACTTTATCCGGGATGATGAGCTGCGGCGAAGCAGCTATTTGATGGCAGCC 

HFIRDDBLRRSSYLMAARGNAADVFTKQN PNQQQ 

3101 AGCCGATGCCCTCCGAAAAACTGATTtUTTTOACAACTCACAGOSGATATA^ 

PMPSEKLIDLTT HSGYNGKIMI PLRIGRASVYS 

3201 TCAGAACGGGTAC AGTTATCTTATTCAAGCCGTGAAAAACGAAAAGGGAAAAGCCAAGTATC^ 

QNGYSYLIQAVKNEKGKAKYDGAGI IKRGSNKL 

3301 GTTGGGTTTCTITCAGCTGATGAAACCCAAACACTG^ 

VGFLSAOETQTLSWVMGTIQGGVMPTTDKGHPIT 

3401 CGTTTCAAATTAAAAAGTCGAAAACGAAAATTAAGCCCGTCATTGAAAACGGAAAGCCTC 

FEIKKSKTKIKPVIENGKPVFHISVKTKGILTE 

.Hindlll . 

3501 AGACCAAAACCCGAATGAAAACTCCTTTAGCyuVAAGTTATTTGCAC AGGCTGGAAAAC^^^ 

DQNPMENSFSKSYLHRLENXFEXKLERDVKQVM 
Pstl ....... , . 

3601 GATAAACO^ASCACGAGTATAAAACCGATCCGGTCTTTTTATCAGACCyCATAAGGAl^^ 

DKLQHBYKTDPVFLSDHIRIQHPDYWMKVKGHWD 

3701 ATCAAATATirrcTGAGACTGATTTTAAGTACGATATTTCTTIT'A^ 

BIFSBTDFKYDISFKIINFGTVGK 

3801 GCACCCTTTmTGTTCCGACAQTCTQCT 3829 



fig, 2, Nucleotide sequence of the gerB region. The sequence of 3829 bp Is derived from subclones shown In Fig. 1. There 
are three large ORFs which are shown below the sequence, each with a potential ribosome-binding site which is 
underlined. The operon also has a potential E(r^-type proinoter upstream of ORF 1, which Is double-underlined. There is 
no obvious terminator after ORF 3. 



of the ORF. The integration of subclone B into the wild- 
type gave a Gcr"*" phcnotype. This result may be ixiis- 
leading, as there is a possibility of readthrough from a 
plasmid-borne proinoter with the vector, pMTL20EC, 
which may have yielded sufficient gene product to give 
the Ger"*" phenotype. This would not affect the result with 
C, as the ORF and plasmid are in the opposite relative 
orientation in this construct. A plasmid construct was 
made with DNA &om subclone B doned in the same 
vector in the opposite orientation. When integrated into 
strain 1604 this plasmid gave ^ Ger"*" phenotype, which is 
a further argument for operon structure. Whilst read- 
through from a plasmid promoter at sporulation may only 
give a low level of expression, this may be sufficient. The 
level oigerA expression is known to be low (Feavers etaL^ 
1990) and multiple promotcrless copies oigerA ORFs are 
sufficient to complement ger A mutadons (Zuberi et tf/., 
1985). 

The pattern of results for plasmid integration into the 
mutant strains provides information as to the locations of 
thtgerB alleles. The data show that thtg€rB90y -P2and -94 
alleles all lie ingerBA as they are all corrected by subclone 
A, which only carries DNA from the gerBA region, but 
the alleles have distinct locations within the GRIP as 
gerB90 and -94 are corrected by subclone B, which 
overlaps this region. AsgerBISis not corrected by A but 
is corrected by B it can bie deduced that the lesion lies in 
the last 50 codons of gerBA or in the first 296 codons of 
gerBB, Hence gerBA and gerBC have been shown to be 



required for AGFK germination, and it seems likely that 
gerBB^ too, is necessary. 

DISCUSSION 

The sequence of the gerB spore germination operon has 
been elucidated and has revealed that^^rB is a homologue 
of th&gerA operon. In addition spoVAF^ the sixth ORF 
in the spoVA operon (Fort & Errington, 1985), has a 
lower degree of homology with the gerBA /ger A A group. 
Furthermore gerK, mutations in which cause a defect in 
the AGFK response, has been shown to encode a further 
homologue of the GerAC/GerBC group (R. Irie, un- 
published). GerK is more closely related to GerBC than to 
GerAC, but is not as close to either as they are to each 
other (B. Corfe, unpublished). Hence a family of proteins 
has now been identified, mostly involved in spore 
germination and produced in the forespore. Mutations 
affecting germination have been mapped in all three ORFs 
of the ger A operon and in at least two of the gerB operon 
(see Fig. 5), demonstrating the reqidrement of all these 
proteins for normal germination. 

The highly conserved hydrophobic region in the Get AA/ 
GerBA group probably indicates a region of functional 
importance. It is unlikely that this indicates a recent 
evolutionary divergence as the rest of the homology 
shows more divergence in both the hydrophobic and 
hydrophilic domains. Furthermore such a high level of 
identity between two hydrophobic domains that have not 
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Fig. 4, Hydroplots of the GerBA and GerBB proteins. The y-axis 
shows Increasing hydro phobi city, with the nnean 
hydrophoblcity for a large number of proteins represented by a 
horizontal line; the scale is from -4 to +4, according to the 
algorithm of Kyte & Doolittle (1982). Markers on the x-axes are 
at every 50 residues. The plots were calculated using a window 
size of 21. (a) The GerBA profile Indicates an N-termlnal 
hydrophlllc domain, with possibly seven membrane-spanning 
hydrophobic segments and a smaller hydrophlllc C-termlnus. 
This pattern is similar to that found In GerAA. (b) The GerBB 
profile Is highly hydrophobic, and is also very similar to Its GerA 
counterpart. The pattern may suggest 10 or 11 transmembrane 
regions. 



recently diverged is uncommon. This argues that this 
region of the protein must be particularly important in the 
function of the protein. As yet no possible functions have 
been individually assigned to any of the GerA/GerB 
proteins. 

There arc significant genedcal and physiological dif- 
ferences between the ALA and AGFK gerniination 
responses. The germinant requirement is very diflferent: 



Fig, J. Gap comparisons of the GerA and GerB proteins. The 
scores for percentage Identity and conservative substitution for 
the pairs of proteins are as follows: 42/66 for GerAA vs GerBA 
(a); 31/60 for GerAB vs GerBB (b); 35/58 for GerAC vs GerBC (c). 
The most highly conserved region of the Ger/WGerBA pair Is 
the hydrophobic domain between residues 200 and 400. This 
pattern or consen/atlon is absent in GerAB and GerBB, which 
are predominantly hydrophobic proteins. The GerAC and GerBC 
proteins have homology to the prokaryotic lipoprotein 
attachment motif (underlined). Solid lines represent Identical 
residues, double dots represent strongly conservative . 
substitutions, and single dots represent weakly conservative 
substitutions. 
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Fig. 5. Localization of the gerB alleles. The diagram shows the 
results of Integration of three plasmid subclones into gerB 
mutant strains and the wild-type. Integration of subclones A or 
B into mutant strains may give rise to a mixture of Ger"*" and 
Ger phenotypes if the subclone can correct the allele, 
depending upon whether recombination takes place to one 
side or the other of the lesion. The pattern indicates that 
gerB90 and gerB94 both occur in the region of overlap 
between A and 8, gerB92 occurs In the region of A not 
overlapped by B, and the converse for gerBIS, Subclone A 
covers all of gerBA except for the last 50 codons. R. Integrants 
all Ger*; W, integrants all Ger"; R/W, mixture of Ger* and Ger' 
phenotypes upon Integration; 8, BamHl; H, HindlW; S, SphU 
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Fig, & Model for germtnant receptors In the spore. The square 
boxes are ger-encoded proteins. The GerA-based receptor will 
respond to ALA alone, but the response will be Improved by 
the presence of GLU and FRU stimulating the response via the 
appropriate gene products (which may be encoded by gerD and 
gerK), In the GerB-based receptor the additional gene products 
and germlnants are obligatory for gerininatlon. 



The ger A products appear to form a complete receptor/ 
trigger unit in their own right, as the ger A operon is the 
only known operon in which mutation results in failure of 
spores to respond specifically to alanine. The gerB region 
encodes homologues of the complete ALA receptor/ 
trigger mechanism, yet cannot trigger germination in the 
absence of the gerD and gerK gene products and further 
gcrminants. Spores of null mutants of ger A respond 
weakly to ALA with the GFK adjuncts, and this is 
dependent upon (at least) the ^^rB and ^^riC gene products 
(McCann, 1989). As GerK and GerD have been tenta- 
tively assigned the roles of glucose and fructose receptors 
respectively, it can be suggested that gerB encodes the 
ASN receptor which may also act as the secondary ALA 
receptor proposed by Sammons aL (1981). The dem- 
onstration that gerB is a homologue of the probable 
principal ALA receptor/trigger reinforces this argument. 

It is not obvious why the^^rB products cannot stimulate 
germination in their own right. It now seems likely that 
ALA and A GFK germination occur by a more similar 
mechanism than could previously have been suggested on 
the basis of genetical and physiological evidence and it is 
therefore proposed that there are two similar types of 
germinant receptors in the spore. One may involve GLlJ 
and FRU receptors which are facultatively required to 
improve the response to ALA alone mediated by th.t ger A 
gene products. The other could have the GLU and FRU 
receptors working in obligate conjunction with an amino 
add receptor, which is less fastidious than the ALA 
receptor and encoded hy gerB, This model is summarized 
in Fig. 6. Whilst this model is novel in terms of the spatial 
arrangement and interactions between germination pro- 
teins that it implies, the mechanisms by which the 
germination apparatus function are still unknown and are 
the subject of our continuing enquiry. 
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the ALA response depends upon a single amino acid as 
germinant (which is thought not to be metabolized, as 
non-metabolizable analogues of alanine will also trigger 
germination: Sammons et al,^ 1981), and the response is 
not affected by metabolic inhibitors. Mutations in ger A 
arc the only ones known to specifically block the ALA 
response without affecting the AGFK response. In 
contrast a complex set of germinants is required for the 
AGFK response, the response is inhibited by sodium 
azide (Venkatasubramanian & Johnstone, 1989) and 
ttiutants of gerB and gerK are specifically blocked in the 
response. 
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